The official knowledge of the existence of gold in Lavras do Sul dates to the late eighteenth century PESTANA, 2008) . At first, the gold was exploited in alluviums, in the Camaquã river and its tributaries. It was not until 1845 that the company Gold Mining started exploration in auriferous veins. Other companies such as Companies Lape, Tahourne, Bega and Gold Field Mining Company were also active in the area. Due to the fall in contents and technological precariousness of the exploration, the activities did not prosper for long. During the 70's, using proper advanced technology, the Companhia Riograndense de Mineração (CRM) resumed work in Lavras do Sul. Based on this initiative and the revaluation of gold in the international market in the 80's, exploration of ore in this region was once again popular (PORCHER; LOPES, 2000) . Until 1981, barren and tailings were deposited in improper sites and gold was recovered by amalgamation with mercury, generating many environmental liabilities.
Along the soil sample profile are alkaline granites from the Granitic Complex Lavras do Sul and andesite and conglomerate from Hilário Formation. The granitoids, in general, are in outcrops such as slabs, leucocratic, medium phaneritic texture, equigranular arrangement, moderately altered, some with feldspathic matrix (Figure 2 ) and well-developed plagioclase. The andesites occur locally near the conglomerates, are equigranular and have low alteration degree. The conglomerates are characterized by the slab outcrop, they have volcanic debris and subordinate sedimentary.
The soils of the study area are shallow (Figure 2 ), they present horizon A resting on partially altered or unaltered rock and are classified as Litho-Dystrophic Neolsols on granitoids and Eutrophic Litholic Neosols on andesitic volcanic rocks (STRECK et al, 2002) . The area presents recent and little-evolved soils with portions of high (eutrophic) and low (dystrophic) saturation by bases, acidity and high levels of aluminum and sodium (EMBRAPA, 1999) .
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Materials and Method
Soil sampling was performed in a systematic way consisting of sampling in two profiles surrounding the Lavras do Sul city, one to NW and another to SE of the urban area (Figure 1 ). Ten samples were collected in each profile, totaling 20 soil samples of 30 cm depth (each location separated at the top and base), with the collection of material every 500 meters, for a path of 13.4 km total. For the packing were used plastic bags properly labeled and identified according to the collection point number and their respective depth.
For the drying process, the samples were transferred to polypropylene containers and allowed to dry at room temperature for three days (BRASIL, 2009) . After drying the samples were disaggregated in porcelain grade to obtain a uniform appearance. About 500 g of sample was quartered manually to promote splits in halves successively until the desired sample size was reached. Thus, about 50 g of each sample was separated for the EDRXF analyzes.
The analyzes of chemical elements and their quantities present in soil were carried out in the Laboratory of Mineralogy and Petrography (LMP -Unipampa), by a dispersive energy X-ray fluorescence spectrometer, model S1 Turbo SD. The following operating conditions of the equipment were selected: tube voltage of 15 keV (Na to Sc) and 50 keV (Ti to U) with current in the tube of 184 and 25 μA respectively; 10 mm collimator; 120 s of real-time integration. The equipment uses an Ag anode which allows the measurement of 25 elements and a detector of 10 mm 2 with thermoelectric cooling and resolution of ~145 eV to MnKα that allows maintaining a speed of 100.000 counts per second. The analytical method used allows obtaining the sensitivity curve of the equipment for each element of interest when a sample of a known chemical composition is submitted to well defined instrumental parameters. The sensitivity curve of the equipment relates the calculated theoretical fluorescence intensity and the measurement of each element (BONA et al, 2007; TEIXEIRA et al, 2017) .
Results and Discussions
All concentrations obtained (Table 1 ) with the analysis of major elements and traces are below the maximum permissible values of metals in soils, according to Conama Resolution 420, including Fe (< 3000 mg.kg -1 ) (BRASIL, 2009; MACDONALD et al, 2000) .
In terms of major elements, the silicon values obtained are higher in profile 2 than in profile 1. In general, for both profiles, the topsoil samples present lower silicon amount than the base soil samples. TiO 2 varies similarly to SiO 2 , except for the samples 1, 2, 5, 8, 9, 10 and 11 that presented higher amounts at the top. Al 2 O 3 values in profile 2, suffer a drop-in depth, sample 20 is an exception because it presents a reverse behavior. In profile 1 the values of Al 2 O 3 do not present the same homogeneous behavior. While in samples 2, 3, 5, 6, 7, 8 and 10 the highest values were detected at the bottom, samples 1, 4 and 9 were detected at the top. Fe 2 O 3 in profile 1 show highest values at the top, with exception of sample 5. In profile 2 Fe 2 O 3 is detected with higher values at the bottom, with the exception for the sample 12, 15 and 20.
The concentration of MnO, MgO, CaO, and K 2 O varies in proportion with higher values at the surface or subsurface, regardless the profile. In this way, a correlation of element mobility and constitution of analyzed material was not possible. In profile 1 no chlorine concentrations were detected, this suggests that the Cl values were below the concentration analyzed by
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Fluorescence Spectrometry (EDXRF), Lavras do Sul/RS the equipment. In profi le 2 the Cl amount varies in proportion with higher values in the surface or in the subsurface. In terms of trace elements, copper was only detected in profi le 2 especially in the samples 18, 19 and 20. Pb was detected in depth in samples 3, 6 and 14. in samples 19 and 20, Pb was detected at both top and bottom, however at higher concentrations at the top. The behavior of Mo is similar to Pb, being detected at the top of sample points 4, 5, 6, 12 and 13. Zn was detected in almost all samples with approximate values for top and bottom. Only samples from points 1 and 10 do not have zinc. Cd was detected in all soil samples varying in proportion with higher values either on the surface either in the subsurface. The Cd may be associated with phosphate fertilizers (1-170 mg.kg -1 ) , being weathered by water and deposited in sediments (BELLUTA et al, 2008 ). An anthropogenic source that improperly discards pieces of equipment such as batteries can also be held responsible for this containment (MARTIN; GRISWOLD, 2009) .
Thus, Pearson's correlation coeffi cient was used to relate the elements to the lithology of the study area, enabling the knowledge of which elements are in fact the source material and which elements are present due to anthropic intervention.
Correlation tables were generated for profi le 1 and profi le 2 (Table 2) . For a better analysis of the correlations values with strong Pearson correlation (>0,7) was highlighted in the table (MUKAKA, 2012) . Using Pearson coeffi cient, it is possible to summarize the relationship between two variables. The most common way to present and analyze bivariate data sets is through the X and Y axes, the correlation measures the similitude between two diff erent variables. Thus, the value can be calculated according to equation (1).
(1) This coefficient varies between values from -1 to +1. Samples that correlate linearly with each other have a value closer to 1 in a module. The correlation concept refers to a numerical association between two variables, not necessarily implying a cause and effect relationship.
In table 2 
Gomes et al. : Detection and Evaluation of metals in soil under influence of mining by Dispersive Energy X-ray Fluorescence Spectrometry (EDXRF), Lavras do Sul/RS
Pd and Rh are elements of the platinum group, being considerably resistant to weathering. Thus, they concentrate in soil due to the weathering of soluble components or by aggregation of secondary minerals. The correlation observed in both profiles is consistent with the lithologies of the study area PESTANA, 2008) and common in regions where Cu, Pb and Zn mineralizations occur .
In order to investigate possible harmful concentrations to human health, the soil samples were compared with the guideline values of alert, reference and soil intervention (Table 3) , which is based on the guideline values of Brasil (2009) , but an updated data version. This table regulates the concentrations of soil chemical contents with tolerable and risks values to human health. In this study, the intervention values referred to in the tables and literature are from agricultural data rather than residential, since the study area is rural, with land use predominantly for agricultural purposes. In profile 1, the guidance values from Table 3 are exceeded for Zn, Pb, and Cd, these high levels may be the result of the presence of sulfide mineralizations (RIEUWERTS et al, 2006) present in the region PESTANA, 2005) . These values do not pose risk to the population, as they are within the acceptable levels of concentration. For Mo the risk values were exceeded in samples 4 and 6, that may be related to the strong retention of Mo by iron and aluminum oxides (BARROW, 1970) , abundant elements in the area. However, as these high values appear only at the top, they may have migrated and concentrated at these sites eventually, not being a risk factor.
The Cd content may also indicate human activities, because in some samples it presented a higher concentration at the top, possibly due the use of agrochemical or fertilizers, since the study area is placed in a rural location. The element Cd can accumulate in the human body and induce renal dysfunction, bone diseases and deficiency in reproductive function, aside from the possibility of acting as a carcinogen in humans. The presence of Cd in food products is the main source of Cd intake by man (MARTIN; GRISWOLD, 2009) , so if this element is present in the soil it can bioaccumulate in the vegetables and/or infiltrate in bodies of water.
Most of the studies that compare Mn levels in soils with and without human activity showed that there is no difference in the content of this element due to human activity, considering this fact as the abundance and intense dynamics of Mn, which has many states of oxidation in the soil (BURT et al, 2003) . These considerations can be extended to Fe due to the similarities between these two elements. This may explain the inexistence of guiding values of these metals in soils defined by environmental agencies. Knowing the contents of Mn and Fe is important because it indirectly indicates the content of other heavy metals.
In profile 2, the guiding values from table 3 are exceeded for Cu, Zn, Pb, Cr, Mo, and Cd, possibly due to the sulfides mineralizations. Risk values are observed for Cr in sample 20 and Pb for samples 19 and 20. A hypothesis for the high value of Cr in the soil is that the behavior of this element is similar to Al, and can substitute it in aluminosilicates, despite having a larger atomic radius.
34. It is noteworthy that the study area has considerable concentrations of Al. Because it is an isolated fact and not throughout the profile, this concentration does not indicate a significant risk to human health. Figure 3 shows the behavior of Cd, Zn and Ce in the study area at points 1 to 20 at depth from 0 to 30 cm. All sample points present values higher than the allowed by CONAMA resolution n°420 (BRASIL, 2009) , which establish 0,5 mg.kg -1 of Cd as the highest value allowed. At 0 cm depth, the highest values are found in the Southern region of the cartogram. For 30 cm depth, the highest values are found in the South and West portion, where the points 1 to 4 and 7 to 10 are located. The lowest values are found in the Northern and Northeast region.
All the sampled points, except for the surface samples (0 cm) from points 1 and 10, exceed the values established by the Conama Resolution n°420 (BRASIL, 2009), which establishes the maximum value for Zn of 60 mg.kg -1 in soils. At 0 cm of depth, the highest values are found in the western region of the cartogram (Figure 3) . At 30 cm of depth, the highest values are found in the southwest and northeastern regions.
At 0 cm depth the highest values of Ce are found in the western and southern regions of the cartogram and, only on samples 2 and 4 were not detected the presence of this element. At 30 cm depth the highest values are found in the southwestern, southeast and northeast regions of the cartogram (Figure 3) , although the lowest values are found in the northwestern and southern regions. At that depth just, the sample point 13 did not show concentration for Ce, this element usually goes together with Fe and Al and it is not associated with Pd. Ce is a Rare Earth Element (REE) and has the ability to replace Ca in mineral structures, due their ionic radius similarity. Then, the amount of Ce may be related to the REE in the soil, and, consequently, to be accumulated over the years.
Conclusions
The sampled soil showed high concentration values of Cu, Pb and Zn, which are considered outside the standards established by Brasil (2009) . Possibility, these results are due, in part, to natural geological sources, such as the sulfi de mineralization in the region of Lavras do Sul.
An unexpected result of this study was that the Cd values are high concentration and are considered outside the standards established by Brasil (2009) . The study area is rural and the Cd values can be associated to human intervention, through the use of fertilizers and agrochemicals. The Cd can cause a wide range of acting as a carcinogen in humans. If this element is present in the soil it can bioaccumulate in the vegetables and/or infi ltrate in streams and point to the need for further studies to better characterize the possible sources responsible for values higher than those standards established by Brasil (2009) .
Alert values are observed for Cr in one sample (sample 20) and Pb in two samples (19 and 20) . Because it is an isolated fact and not throughout the profi le, this concentration does not indicate signifi cant risks to human health.
Samples were compared using multivariate statistical methods, which indicate a commonality in chemical signature between the profi le 1 and 2. The most discriminating variables were Si-Pd, Pd-Ca, Zr-Nb, Nb-Y, Sr-Pd, Cd-Pd, Mn-Fe, K-Nb,
